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I. INTRODUCTION
Between December 1, 1938, andApril 1, 1940, autopsyexamina-
tions have been made of 246 subhuman primates in the Laboratory
of Physiology of the Yale University School of Medicine.t These
routine examinations were made in order to obtain some normal and
abnormal values for monkeys of those species most commonly used
in laboratory experimentation. It was expected thereby to establish
some standards for factors in health and disease, such as: size and
weight of organs, normal variations, the incidence of infection,
infestation, and developmental anomaly.
The normal findings for weights and the descriptions of organs
are published elsewhere.7 The present paper deals only with the
grossly abnormal findings.
1. Previous literature
There are many articles on diseases of primates, dealing chiefly
with one form of disease only, such as tuberculosis (Fox,2 Schroe-
der,8 Kennard, Schroeder, Trask, and Paul6) or parasitic infestation
(Fox,2 Schultz,10 Stiles, Hassall, and Nolan11). The height-weight
and growth relationships (Schultz9) and the gross anatomy of the
rhesus (Hartman and Straus4) are well known. But the findings of
a large number of routine autopsies have not been recorded. It is
felt, therefore, that these data may be of practical value to labora-
tories in which this type ofprimate is now employed for experimental
purposes.
2. Method
Systematic autopsies were performed on all monkeys dying in
thelaboratoryduringa period of 15 months, except in instances when
gross and overwhelming disease made such examination undesirable
or when deaths occurred at a time when autopsy was impossible. In
order to eliminate as nearly as possible any subjective element, all
examinations were made by one or both of two observers.i
* From the Laboratory of Physiology, Yale University School of Medicine.
These studies have been successively aided by grants from the Fluid Research Fund
of Yale University School of Medicine, the Friedsam Foundation, and the John
and Mary Markle Foundation.
t This is exclusive of anthropoid apes which will be reported elsewhere.
t The author or Miss Dorrit Willner, technical assistant in the Laboratory.702 YALE JOURNAL OF BIOLOGY AND MEDICINE
The animals were those used for experimental purposes in the
Laboratory of Physiology. Most of them had been obtained from
dealers a few months or weeks previously; a few had been born in
the laboratory. Investigations previous to death had been for the
most part on the central nervous system; following this the animals
either died or were sacrificed by the investigators who, in most
instances, removed the brains after injection of the circulatory sys-
tem with saline followed by 10 per cent formalin (for details of this
technic see article on normal findings7). The remainder of the
autopsy was then performed by us. Thanks are due both to the
investigators and to the technical assistants of the laboratory, with-
out whose cooperation in a somewhat tedious enterprise this material
could not easily have been gathered.
At examination, bodyweight and brain weight were recorded and
all endocrine organs and viscera were removed, examined, and
weighed. Any apparent deviations from the normal were then
noted. Microscopic sections were made whenever abnormalities
were suspected.
Table 1 indicates the number of primates and the species exam-
ined. Complete and detailed autopsy with weighing of the organs
was carried out in 138 instances. Of the remaining 108; examination
was made in each instance, but without weighing of the organs
because, in 42 cases death had occurred at an inconvenient time for
autopsy and 64 showed evidence either of disease or of emaciation
due to experimental procedure which made individual organ weights
of questionable value.
TABLE I
AUTOPSIES ON MONKEYS
Species Number
Rhesus (Macaca mulatta) ................... ........................... 218
Sooty mangabey (Cercocebus torquatwu atys) ......... ................... 21
Brown mangabey (Cercocebus galeritus chrysogaster) ....... ............. 1
Baboon (Papio papio, 1; Papio hamadryas, 1) ......... .................. 2
Erythrocebus (Erythrocebus patas) ............ ......................... 1
Mona (Cercopithecus mona mona) ............................1
Java (Macaca irus) .........1
Hybrid (mother, Macaca mulatta; father uncertain, probably Macaca irus).. 1
Total 246NECROPSY FINDINGS IN MONKEYS
II. DATA
1. General findings
Cause of death. In these 246 autopsies, the cause of death in
172 instances was sacrifice for experimental purposes. Of the
remaining 74, 28 deaths were the result of experimental procedure;
16 died oftuberculosis; 14 ofpneumonia; 7 of intestinal parasitism.
One each died as the result of erysipelas, parturition, perforated
gastric ulcer, burn, cysticercus infestation; two died on the day of
birth, cause unknown, and two others died cause unknown.
Tuberculosis. It is well known that tuberculosis is the greatest
destroyer of subhuman primates living in captivity, and in this series
it was by far the most common cause of poor health. It was present
in 73 of 246, or 30 per cent of all autopsied animals. Sixteen deaths
were directly attributable to it, and in 32 additional animals sacri-
ficedduringexperimental procedures, tuberculosis was severe enough
to be noted as producing obvious signs either before or at the time
of death. In the remaining 25 instances the tuberculosis was only
slight (Table 2).
TABLE 2
INCIDENCE OF TUBERCULOSIS
Local Miliary Total
Rhesus
Dying of Tbc. ................ .................. 1 11 12
Advanced Tbc. found at death ......... ........... 9 21 30
Minimal Tbc. found at death ......... ............ 10 2 12
Questionable Tbc. found at death ................. 8 8
Other monkeys
Dying of Tbc . .4 4
Advanced Tbc. found at death . .1 1
Minimal Tbc. found at death ......... ............ 2 2
Questionable Tbc. found at death ................. 4 _ 4
Totals 34 39 73
In this primate group the most usual type of tuberculosis (39
cases) found in monkeys dying or seriously ill of the disease was
miliary tuberculosis involving the lungs and spleen in every case and
nearly always the liver. Kidneys, mesentery, peritoneum, lymph
nodes, and gastro-intestinal tract were grossly implicated when the
infection was widespread. Pulmonary tuberculosis in which the
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lesions were confined to lungs and pleura with some enlargement of
the mediastinal nodeswas most frequently found in the earlier forms,
and next, in order of frequency, was involvement ofthe intestine with
ulcerations, usually in the mucosa of the colon, and with enlarged
and infected mesenteric nodes massed especially about the cacum.
Involvement of the stomach was never noted. Once or twice a pri-
mary focus occurred in the kidney and not infrequently skin tuber-
culosis or lymph nodes suppurating through the skin appeared. In
one animal only a tuberde was found in the brain, and it has been
our experience in previous years as well that even in advanced
miliary tuberculosis the brain is seldom involved. In one animal
(Mona monkey) the initial symptom was paralysis of the hind legs.
At autopsy, typical "Pott's disease" with collapse of thoracic verte-
brae was found, in conjunction with widespread miliary tuberculosis.
As has been noted byeveryearlier observer of subhuman primate
tuberculosis, the lesions are always those of a rapidly progressing
infection. The nodules vary in size and the larger ones contain
caseous centers, but calcification is not found. In the lungs the early
nodules appear about the hilus region and not in the apices. At
first, the lesions of encysted foreign bodies were confused with those
of early tuberculosis, but these can usually be differentiated without
the use of microscopic material. The foreign bodies were not infre-
quent and consisted of food partides, parasites, or often of unidenti-
fiable bits. They were surrounded by a firm capsule with thicker
wall and less inflammation than characterize a tubercle. The
material within was often semiliquid, but never caseous.
Pneumonia. All primates in captivity, particularly in northern
climates, areexceedinglyprone to respiratory infections. Pneumonia,
like tuberculosis, accounts for many deaths in laboratories and zoo-
logical gardens. However, proper temperature regulation and pro-
tection from bacteria and virus transmission from human beings and
other primates does much to lower the incidence of this disease. In
our records of ten years of our primate colony only one epidemic
of pneumonia has occurred, although one or two cases have appeared
yearly.
During April and May, 1939, the colony was afflicted with a
severe epidemic of lobar pneumonia (type I pneumococcus).
Twenty-seven animals in a colony of about 100 became ill and 10
died within a day or two of the initial symptoms; others recovered
after dosage with sulfapyridine. The accompanying chart shows the
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monthly incidence of pneumonia deaths during the 15 months of this
investigation. It will be noted that nearly all occurred during the
four weeks of the epidemic, but that following this period sporadic
cases appeared for several months.
The epidemic pneumococcus infection produced frank lobar con-
solidation, often with evidence of meningitis and involvement of
liver and spleen. Blood cultures from the heart were positive in
every case. The sporadic type appearing during the other months
was usually bronchopneumonia and occurred most often after opera-
tion. Seven of the 36 primates contracting pneumonia were sooty
mangabeys, the remainder rhesus,-again a high incidence (33 per
3nedA f A.;.wu@
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FIG. 1. Incidence of pneumonia-.
cent of 21 deaths) of respiratory disease in the mangabey as com-
pared with the rhesus (13 per cent oftotal rhesus deaths).
Intestinal parasitism. Parasitic infestation is common among all
primates and the resultant diarrhea is often a cause of poor health
and not infrequently a direct or contributory cause of death. Only
one form, Oesophagostomzum Brs4mptiif, of the strongyloides family
(Faust') has proved a serious threat to health in our colony. The
cysts of this parasite appear in the walls ofthe large intestine, chiefly
along the taenia, as black rounded bodies, 2 to 4 mm. in diameter.
When opened they are found to contain motile worms from 8 to I0
mm. in length lying in hemorrhagic material which is responsible for
the dark color. There may be only 3 or 4, or there may be a dozen
of these cysts. When the large intestine harbors many one finds a
much debilitated animal, and even with a few cysts the animals are
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thin with little or no subcutaneous fat. Such have proved poor
operative risks.
In 44 of 218 rhesus, Oesophagostomum Brumptii were found.
Twelve of these died with this as the sole or primary cause of death.
The infestation appeared only in the rhesus monkeys brought from
India, with one exception, a few cysts being found in an African
sooty mangabey. This animal had, however, been in the laboratory
for a number of years, and might have caught the infection here.
Evidence of other intestinal parasitic worms has not been found
in this series. No routine examination of feces has been made. It
is worth mentioning, however, that many other such infesting organ-
isms do exist in the primate gastro-intestinal tract. During ten years
of experience we have found: whip-worm in the South American
primates, especially the woolly monkeys; taenia and filaria occa-
sionally, usually in the chimpanzee. Both Balantidium coli and
Endamoeba histolytica are common and may cause severe diarrhea.
Cysticercus infestation has appeared twice in this series. One
rhesus died of it, and had multiple cysts of lungs, liver, kidneys, and
mesentery. In the second animal, two cysts only were found, both
inthecerebral hemispheres.
2. Findings in 138 complete autopsies
Of 138 complete autopsies in which all organs were removed and
weighed, 118 were on rhesus, 17 on sooty mangabey, one on a brown
mangabey, one on a Java monkey, and one on a hybrid rhesus. Five
rhesus were newborn infants, 103 were immature or adolescent
animals, and 10 were fully mature. Of the non-rhesus, 16 sooty
mangabeys were immature or adolescent, one was mature, and the
three of the other species were mature. The disease incidence was
undoubtedly affected by this age grouping.
Centralnervous system. Apart from changes produced at opera-
tion, abnormalities of the central nervous system were extremely
rare. As described above, tuberculosis appeared once in the brain
and once in the cord, and cysticercus cysts were found in the brain
of one animal. No other brains of this group showed anything
unusual except for the finding of an unsuspected bullet well
embedded in a temporal lobe of one monkey.
Endocrines. No abnormalities were found in pituitary, thyroid,
thymus, pancreas, adrenals, or ovaries. One parathyroid was abnor-
mally large, about 4 to 6 mm. in diameter instead of the usual 2 to 3
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mm., but microscopic section showed only normal tissue. In one
animal the right testicle was undescended, and was flattened, small,
and firmly attached to the parietal peritoneum.
Cardio-respiratory system. No abnormalities of the heart or
vascular system were found. The heart was examined and weighed
in every instance, but detailed examination of the peripheral system
was not done.
The lungs, as described above, in many cases showed pneumonia
or tuberculosis, and once cysticercus cysts were found. In addition,
pleural adhesions occurred in 21 cases in which no other signs of
pneumonia or tuberculosis appeared grossly. Six of these had had
either questionable (3) or positive (3) tuberculin tests during life,
and 8 had either questionable (4) or positive (4) microscopic lung
sections. But there were 12 in which all tests and examinations
were negative. The adhesions were in most instances old, fibrous,
and firm; most were to the diaphragmatic pleura.
Lymph nodes. Proliferation of lymphoid tissue is very frequent.
It was noted chiefly in four places: mediastinal nodes, mesenteric
nodes, lymph follicles of stomach, and lymph follicles of large intes-
tine. Large nodes in the groin were not infrequent and axillary
nodes were also noted,-this last usually in association with pul-
monary tuberculosis.
There were 55 cases in which proliferation of lymphoid tissue
was found in one or more of these four places. In 24 instances no
other disease was associated with this. Many times a single animal
showed proliferation of the tissues of mesenteric nodes, stomach,
and colon, but, as would be expected, hypertrophy of the mediastinal
nodes most often was directly associated with pulmonary infection.
Of 31 cases, tuberculosis was found in 9, infestation with Oesophag-
ostomnum Brumptii in 19, pleural adhesions in 8, gastric ulcers in
5, and ulcers ofthe colon in 2. No correlation of large thymus with
lymphoid proliferation was evident.
Gastro-intestinal tract. The entire gastro-intestinal tract was
removed, opened, and washed in every instance. Notes were made
as to the content, state of dilatation or contraction, and the condition
ofthe mucosa.
Ulcers of the stomach were found in 15 instances (10 per cent).
Table 3 gives the data pertinent tothese cases. Because of the ques-
tion of the etiology of ulcers in relation to disturbances of the hypo-
thalamus (Fulton3) particular effort was made to correlate the
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GASTRIC ULCERS
Maximu-m Autopsy Differ-
Gastric weight, weight, encein Lesion of Other
No. lesion gm. gm. weight CNS lesions
228 F Large hemor- 4000 4000 ±0 Bilateralfrontal None
rhesus rhagic ul- 1/3/40 2/13/40 lobe ablation
cers, cardia 2yr.
904 M 4-5 old ul- 5600 5100 -500 Bilateral frontal Pulmon-
manga- cers, fresh 2/16/39 3/13/39 ablation, areas8-12 ary Tbc.
bey hemorrhage 6 mo.
1056 M 1 ulcer, mid- 3100 3200 +100 Bilateral frontal None
manga- stomach 1/16/39 3/24/39 ablation, areas 8-12
bey 2 mo.
1084 M 4ulcers, 1-3 3800 2000 -1800 Bilateral frontal Emacia-
rhesus mm. diameter 12/16/38 1/23/39 ablation, areas 8-12 tion
nearpylorus 5 wk.
1132 F Numerous pin- 3200 2600 600 Cerebellar lesion 1 ulcer,
rhesus pointulcers, 11/29/38 3/30/39 3 mo. colon
hemorrhage
1151 F 8 recentul- 5200 3700 -1500 Bilateral frontal None
manga- cers, fundus; 12/9/38 3/21/39 ablation, menin-
bey 2, pylorus gitis 5 d.
1154 F Multiple pin- 4500 4300 -200 Deafferentation, Tbc.,
manga- pointulcers 2/13/39 2/22/39 rightleg 1 wk. large in-
bey testine,
kidneys
1159 F 2ulcers, 2200 2400 +200 Ablation, left Pleural
rhesus pyloricend 1/5/39 2/25/39 area8 3wk. adhesions
1227 M Pin-point 3300 2400 -900 Bilateral ablation None
rhesus ulcers, fun- 4/14/39 4/26/39 area3. Increased
dus, pylorus intracranial pres-
sure 5 d.
1260 F 1 ulcer, mid- 2600 3700 +1100 Hypothalamus Extreme
rhesus portion 6/6/39 8/30/39 2 mo. adiposity
postop.
1381 F Pin-point ul- 2650 1900 -750 Bilateral putamen Emacia-
rhesus cers, mid- 12/12/39 1/17/40 ablation 10d. tion
section
1397 M 2-4 mm. ulcer, 2500 2500 +0 None Tbc.node,
rhesus greater curva- 1/4/40 1/15/40 mesentery
ture
1401 M 24ulcers 3400 2500 -900 Increased intracra- 1 ulcer,
rhesus 1/16/40 1/22/40 nial pressure 6 d. duodenum
1437 F A few hemor- 2200 2200 -200 Increased intracra- None
rhesus rhagicpin- 1/23/40 2/8/40 nial pressure24 hr.
point areas
1445 F 4-5 mm. ulcers, 500 500 +0 Bilateral frontal None
infant pyloric end 3/20/40 3/23/40 lobeablation3 d.
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incidence oflesions in the stomach with lesions of the central nervous
system, but without much success. In studying Table 3 it must be
remembered that by chance, lesions of the frontal lobe were those
most frequently made during the 15-month period and that,
although 8 of the 15 cases had bilateral ablations from this area,
there were many times more animals with similar lesions which had
no ulcers. The same is true of any attempted correlation of the
gastric ulcers with tuberculosis or with lesions elsewhere in the
gastro-intestinal tract.
The one factor which seems to be consistent through most of
these ulcer cases is that of a rather rapid change of body weight.
Nine animals had lost between 200 and 1800 gm. Four others
showed no significant weight change; one had gained 200 gm. in 6
weeks and another 1100 gm. in 11 weeks. This last animal gained
the weight immediately after a lesion made in the anterior hypo-
thalamus. Of those which lost weight, inability to take food as the
result of a cortical operation was definitely responsible in 7 cases and
tuberculosis plus operation in the other two. Thus, in each instance
the change in weight seems to have been due to some known cause
other than ulcer, and the ulcers may have appeared after the change
in weight. However, in Table 4 arethe records of 8 other emaciated
TABLE 4
LOSS OF WEIGHT-NO ULCERS
Maximum Autopsy Loss
No. weight, gm. weight, gm. gm. Lesion of CNS
1118 M 3500 2400 -1100 Bilateral section, 7th and 8th nerves
rhesus 8/14/39 8/31/39 _
1134 F 2550 1800 -700 Vermis, cerebellum
rhesus 12/13/39 12/23/39
1135 M 2600 1700 -900 Deafferentation, right arm
rhesus 1/7/39 4/5/39
1168 M 2600 2100 -500 Right temporal lobe
rhesus 1/10/39 7/5/39
1214 M 2800 2000 -1800 Section, mesial lemniscus medulla
rhesus 3/28/39 4/13/39
1215 M 3600 2900 -700 Section, right mesial lemniscus
rhesus 4/8/39 4/25/39
1330 F 3000 2200 800 Bilateral ablation, caudate nucleus
rhesus 9/21/39 1/23/40
1441 2200 1800 0 Section, 5th nerve
rhesus 1/23/40 2/21/40
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monkeys, with histories similiar to those with ulcers, but which
showed none at the time of autopsy.
Thus, in this series, no cause for gastric ulcer appears unless it
is a rapid change in weight, and no specific area ofthe central nervous
system could be implicated. However, almost no lesions of the
hypothalamus were made. Previous work carried out in this labora-
tory has indicated that when lesions are made directly in this area the
incidence of gastric ulcers is much higher than in the present series
(Watts and Fulton,12 Hoff and Sheehan5). Watts and Fulton, how-
ever, note that in animals with lesions of the hypothalamus those
with marked loss of weight are most prone to ulcers. They discuss
this matter in relation to the production of ulcers through hyper-
peristalsis and ischemia. Since the more recent work on the relation
of vitamin C to ulcers, this factor must now be considered in relation
to the malnutrition and weight loss.
Only one animal (No. 228) died as a result of gastric ulcers; in
this case, both hemorrhage and perforation occurred at least 24 hours
before death. In no other instance was ulcer suspected before death.
The ulcers were nearly always multiple, sometimes very numerous.
They appeared as small "punched out" depressions (2 to-4 mm.) in
the mucosa with sharply defined edges. Usually the crater was
brownish, indicating hemorrhage, and occasionally blood-streaking
of the gastric contents was also found. Except in two cases (Nos.
228 and 904) chronic ulcers were not found, but rather shallow
depressions with very little induration. In animals with these small
ulcers the time of death after operation varied from a few days to
several months (Table 4). Loss of weight was usually rapid.
Unlike those of man, these ulcers were usually on the greater
curvature and in the fundus or middle third of the stomach. This
is the region in which normally there are many lymph follicles
which proliferate markedly in some animals. The ulcers were often
of the size and position which suggested that they had appeared at
the site of a previous lymph follicle. Ten females and five males
were affected. Four were mangabeys.
The small intestine was conspicuously free from pathological
conditions of any sort. No ulcerations were present below the pyloric
sphincter, the bile duct was always patent (no gall-stones were
found), and, although colitis occurred rather frequently, inflamma-
tion of the walls of the small intestine was seldom found. Intussus-
ceptions had been seen at previous autopsies but not in the animals
of this series. <
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In contrast, the large intestine showed many types of pathological
conditions. In addition to the infestations above described, ulcera-
tions of amebic dysentery were found in two mangabeys and ulcer-
ative colitis, etiology unknown, in 6 rhesus. Polyps, particularly of
the sigmoid gyrus, were also found in several animals.
Peritoneal adhesions were very frequent, particularly in animals
with Oesophagostomium Brumptii. No records were kept of such,
however, because nearly all primates had had intraperitoneal injec-
tions (sodium amytal) which, it was felt, might produce some
irritation.
Genito-urinary system. Abnormal findings in the genito-urinary
system were few. One animal died post-partum as a result of peri-
tonitis. In two instances tuberculous kidneys seemed the primary
focus of the infection and many times they were present in the
advanced miliary stage. In the pneumonia epidemic some animals
developed bacteremia and foci in kidneys as well. Otherwise nothing
of note was ever found except cystitis, which followed spinal tran-
section in two instances.
III. SUMMARY
In Table S is shown the incidence of disease in 246 autopsies on
monkeys, in 138 of which complete examination and weighing of all
TABLE 5
INCIDENCE OF DISEASE IN 246 MONKEY AUTOPSIES
Disease Number Per cent
Tuberculosis .................................... 73 29.9
Pneumonia ..................................... 25 10.0
Intestinal parasitism ............... ............. 44 17.0
INCIDENCE OF DISEASE IN 138 COMPLETE AUTOPSIES
Pleural adhesions ...................... .......... 21 15.0
Enlarged lymph nodes
mediastinal .................................... 19 13.0
mesenteric .................................... 22 16.0
Proliferation of lymphoid tissue
stomach ...................................... 26 18.0
colon ....................................... 24 17.0
Gastric ulcers ................................... 15 10.0
Colonic ulcers .................................. 8 6.0
Cysticercus infestation .............. ............. 2 1.6
Erysipelas ...................................... 1 0.7
Peritonitis.1 0.7712 YALE JOURNAL OF BIOLOGY AND MEDICINE
organs was performed. These examinations were made routinely on
all monkeys which died or were sacrificed in an experimental labora-
tory over a period of 15 months. It is felt that the findings may be
of value for comparison with data obtained from other groups of
similar animals.
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